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140 Mr. S. J .  Allan on tlte 
would be shown. Such, however, has not proved to be the 
case. Wires 2050 and 4090 cms. long were carefully 
explored, the aciion on the wire being produced hy means 
of-an oscillator having plates 40 cms. square and the straight 
connexiou between 60 cms. long, but the only unmistakable 
minimum was approximately 150 cms. from the free end, 
the same as was perfectly formed with wires froln 300 cms. 
upwards. 
Some evidence was obtained as to the cause of the marked 
minimum near the other end of the wire. It was due to the 
direct action of the oscillator on the detector. As described 
in the other paper, an attempt had been made to allow for 
this direct action by taking the reading when the wire was 
in place and also when it was removed, and then subtracting 
the latter from the former. This assumes that the two 
effects are (mite independent, but such seems hardly to be 
the case. In the former experiments the detector lay in a 
horizontal plane on the top of a carriage which was moved 
along the wire. Thus the detector's length was parallel to 
that of the oscillator, though the little wing was perpendicular 
to it. As described in Sectiou II. of the present paper, the 
detector was now hung in a vertical plane from the wire, 
so that its length was perpendicular to the axis of the 
oscillator. With this arrangement the minimum disappeared, 
thus showing that it had been produced by the direct action 
of the oscillator on the detector. 
University of Toronto, 
Toronto, Canada. 
XIV. Radioactivity of the Atmosphere. .By S. J.  ALLAI~, 
JI.Sc., Demonstrator in Phjsics, McGitt Unicersit~] *. 
[Plate XIV.7 
i N a previous paper t some experiments were described dealing with the rate of decay and penetrating power of 
the excited radioactivity obtained from the atmosphere on a 
negatively-charged wire. It was found that the activity 
decayed according to an exponential law with the time, 
falling to half its value in 45 minutes. Its penetrating 
power was slightly greater than that of the excited activity 
from radium or thorium. Its absorption bv solids followed 
an exponential law with the thickness, and the radiation was 
cut down to half its value by "001 cm. of aluminium. 
The amount of excited activity that could be obtained from 
* Communicated by Prof. E. Rutherford, F.R.S. 
t Rutherford and Allan, Phil. Mag. Dec. 1902. 
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Radioactivity of the Atmosphere. 141 
the air at any time was found to be strongly influenced by 
weather conditions. A cold, clear, windy day gave the 
largest amount and a warm dull day the least. 
In the experiments described in the present paper the 
radioactivity was obtained from a closed room which gave a 
constant amount from day to day. 
The electrical method of measuring the radiations has been 
used throughout the experiments. The electrometer employed 
was of the ordinary Thomson quadr~mt type, fitted with a 
needle of light construction, which was kep~ connected to 
one pole of a battery of 300 vol~s. A reflecting mirror and 
a miIlimetre-scale indicated the movement of the needle. 
Each scale-division corresponded ~o v~ of a volt P.D. os the 
quadrants. A small quantity of uranimn served to standar- 
dize the readings of the instrument. 
Increase of Excited Activity wit/t Time. 
It has been shown in a previous paper ~ that the excited 
activity derived from the air decays according to an exponen- 
tial law, the rate of decay being given by the equation 
I = I o e -at, 
where [ is the excited activity at any time t, Io the maximum 
value, and X a constant. If the excited activity produced on 
a negatively-charged wire is due to a constant supply of 
positive radioactive carriers whose activity decays according 
to the above equation, then the intensity of the activity It 
after an exposure for a time t will be given by 
It = Io (1--e-~t), 
where I0 is the maximmn value and ~ the sanle constant as 
before. 
The following experiment was made to verify this view :-- 
Aboug 60 feet of copper wire was suspended in a large attic 
and kept charged to a constant negative potential of about 
20,000 volts, by means of a Wimshurst machine driven by 
an electric motor. In parallel with the charged wire was 
arranged an adjustable spark-gap to regulate the constancy 
of the potential of the wire. After a certain time of exposure 
the wire was taken down and wound lengthwise on an iron 
frame. This frame was placed inside a cylindrical vessel of 
zinc and connected to one pair of quadrants of the electro- 
meter, the other pair being earthed. 
The zinc cylinder was connected to one pole of the battery 
and the other pole was to earth. Between the iron t'rame 
Rutherford and Allan~ los. cit. 
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142 Mr. S. J. Allan on t/,e 
and the cylinder was arranged a guard-ring, to prevent any 
leak around the ends of the elect, redes. The rate of move- 
ment of the electrometer-needle was taken as a measure of the 
amount of excited activity present. The wires were always 
tested five minutes after removal from the attic. 
The results obtained from these experiments are given in 
the following Table, the second column giving ~he amount of 
excited activity on the wire five minutes after it was taken 
down. 
TABLE I. 
Time of exposure. Excited activity produced. 
22 minutes. 6 divisions per sec. 
60 ,, 12 . . . .  
90 ,, 16 ,, ,, 
120 ,, 23 ,, ,, 
135 ,, 24 ,, ,, 
200 ,, 26 ,, ,, 
The results are shown graphically in fig. 1 (P1. XIV.).  
From an examination of these results it will be seen that 
the excited activity increases with thne according to the equa- 
tion given above, rising to half w lue in about 60 minutes. 
It has been shown that the excited activity on a charged 
wire decays to half value in 45 to 48 minutes. The results 
are thus only approximately in agreement with theory, since 
it is difficult under the experimental conditions ~ obtain more 
than rough results. 
Rates o/' _Deca~j under various Conditions. 
In the previous paper it was shown that the excited acti- 
vity on a charged copper wire always had the same rate of 
decay, wherever and whenever produced. It was, however, 
deemed advisable to examine the rate of decay of the excited 
activity produced under as many different conditions as 
possible. 
Iron and lead wires were tried and each gave the same rate 
of decay as the copper wire. Experiments were then made 
to see if by transferring the excited activity from the copper 
wire to such substances as leather and felt, by means of 
ammonia, any difference could be observed in the rate of 
decay. For this purpose about 150 feet of copper wire was 
suspended in the attic and kept charged for about three hours 
a constant negative potential of 20,000 volts. A piece of 
leather, about 7 cms. square~ moistened with ammonia, was 
then rubbed over the wire, and by taking care to rub a fresh 
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Radioac~iv~tj/ ot the Atmosphere. 14:3 
par~ of the leather over the wire every five feet, a large quan- 
tity of excited activity could be transferred from the copper 
wire to the leather. This radioactive l ather was then tested 
n the following apparatus :--Two parallel zinc plates were 
placed horizontally over one another, and insulated. The 
upper plate was connected to one pair of quadrants of the 
electrometer, the lower plate being connected to one pole of 
the battery, the other pole of which was earthed. The radio- 
active leather was placed on the lower plate, and the rate of 
movement of the needle taken as a measure of the quantity of 
radioactivity present. About 100 volts P.D. between the 
plates was sumcient for saturation. The apparatus was 
inclosed in a metal box connected to earth, which acted as a 
guard-rlng. 
It was found that with thin close-grained leather the 
excited activity decayed to half value in about 45 minutes, 
whilst with a thicker and more absorbent leather it took 48 
to 52 minutes. 
A piece of felt, moistened with ammonia, was also rubbed 
over the wire, and tested in the same way. Only a small 
quantity of excited activity could be observed in this, but it 
was found to decay lnUC]~ more slowly, falling only to half 
value in 60 minutes. Another thick spougy piece of felt 
gave a rate of decay even slower. If, however, the felt was 
reduced to ashes and the residue tested, much more radio- 
activity was observed than the felt itself showed. The reason 
for this seems to be that the ammonia dissolves off the matter 
which causes the radioactivity and carries it into the interior 
of the felt. Some of the radiation is thus absorbed in the 
felt before it can reach the surface. 
The rate of decay of the activityof the ashes from the felt is 
about the same as for the copper wire. In P1. XIV. fig. 2, 
curve 1. shows the decay of the activity of the unburnt felt, and 
curve II. that of the ashes from the felt. The difference in 
the rate of decay in the two cases is probably due to the fact 
that the penetrating part of the radiation which passes 
through the felt has a rate of decay different from that of the 
whole radiation. 
A piece of cotton wool~ moistened with ammonia and 
rubbed over an active copper wire, then reduced to ashes and 
testedj gave a very large amount of radioactivity. The rate 
of decay is the same as for the excited activity on copper. 
This is a good method of obtaining a large quantity of excited 
activity in a concentrated form. It produces more ionization 
~han uranimn bulk for bulk. 
When a piece of copper wire which has been made radio- 
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144 Mr. S. J .  Allan on the 
active was partly dissolved in ammonia and the solution 
evaporated, the residue gave the same rate of decay as the 
excited activity on the solid copper. The activity excited 
on a piece of rubber also gave the same rate of decay. 
It  has been shown by C. T. R. Wilson,* and independently 
by the author t, that freshly fallen snow, when evaporated 
down to dryness, leaves behind a residue which is temporarily 
radioactive. The rate of decay of this radioactive residue 
was examined. Snow was gathered from a thin sheet on the 
surface during a snow storm, evaporated own to dryness in 
a shallow dish, and placed in the parallel plate apparatus 
described above. A litre of" snow, when evaporated, produces 
about the same effect as one-fifth of a gramme of uranium. 
The rate of decay was found to follow an exponential law, and 
the activity felt to half value in from 30 to 32 minutes. Thus 
there is a distinct difference between the rate of decay of the 
radioactivity on snow and that obtained from the air. The 
penetrating power, however, was found to be about the 
same for both. In fig. 3 are two curves showing the rate of 
decay of the radioactivity from snow. 
C. T. R. Wilson has shown that freshly fallen rain, when 
evaporated, leaves a radioactive residue. This residue was 
tested in the same way as that obtained from snow, and it 
was found that the rate of decay was the same, the activity 
fell to half value in about 32 minutes. Wilson states that 
the activity of the rain-water he examined fell to one-quarter 
valuein one hour. In fig. 4 are shown two curves for the 
decay of the radioactivity from rain-water, taken on different 
days. 
Fig. 5 shows the curves of decay of the radioactivity fi-om 
snow and of the activity excited on a lead wire and of the 
exci~ed radioactivity from a copper wire transferred to felt, 
all plotted to the same scale for the sake of comparison. 
Abso~Ttion of tl~e Excited Activity by Solids. 
A number of experiments were made with various solids to 
see if the absorption-density law held for the excited activity. 
The excited activity on a copper wire was transferred to a 
thin piece of leather moistened with ammonia, and the leather 
was placed between the parallel plates of the testing apparatus. 
Readings were taken when the leather was bare and when 
covered with thin layers of various solids. From the curve 
of decay and these readings the percentage absorption could 
Proc. Camb. Phil. Soe. 1902, No. 11, p. 428. 
t American Physical Society, Ja,,. 1903 ; Phys. Rev. May 1903. 
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Radioactivity ofthe Atmosphere. 145 
be calculated. The results for almninium foil of average 
thickness "00038 cm. are shown in fig. 6. The lower one is 
for the excited activity transferred to leather and the upper 
one for that on a lead wire. The ordinates give the per- 
centage of rays unabsorbed, and the abscissse the number of 
layers traversed. It  will be seen that there is a small differ- 
ence in the penetrating power of the two. 
In fig. 7 are plotted two curves, showing the penetrating 
power of the excited activity from (1) a thick piece of felt, and 
(2) a thin piece of leather. Curve I I .  follows closely a G.P. 
with the thickness up to about 10 layers, the radiation fall- 
ing to half value after passing through about 2 layers of 
aluminium. After 10 layers there is a marked difference in 
the curve, 5 additional ]ayers having only a small effect. 
With 25 layers "8 per cent. of the rays was still unabsorbed. 
The portion of the curve between 10 and 25 layers follows 
roughly a G.P. 
These results show the presence of a more penetrating 
kind of radiation. Curve I. for the felt shows the same 
effect, except hat there is a greater percentage of penetrating 
rays than in the case of the leather. 
This difference can be explained on the assumption that 
there are two kinds of radiation given off--one, the a radia- 
tion, being practically all absorbed in about 10 layers of the 
almninium toil, and a more penetrating f~ radiation. Now, 
the greater part of the excited activity on the felt would be 
carried into the interior by the ammonia, and hence the 
r~ldiation would have to penetrate through a considerable 
thickness of felt before reaching the surface. The a rays 
will thus be largely absorbed, and the radiation at the surface 
consist of a greater percentage of/~ rays, which pass through 
more easily. This also explains why such a small amount of 
energy is given off from the felt compared with that given 
off from the leather, since in the former case the a rays are 
mostly absorbed. The a rays represent about 99 per cent. of 
the total energy radiated; the /~ rays are half absorbed in 
about 15 to 18 layers of the aluminium. 
The excited activity from the ashes from radioactive cotton 
was tested in the same way, and showed the presence of 
f~ rays, though not in so large a percentage as the leather 
and felt. The three cases are compared in the following 
table. 
I f  the radiation consists of rays of a homogeneous character, 
then the intensity I, after passing through a distance d of the 
Phil. Mag. S. 6. Vol. 7. No. 38. Feb. 1904. L 
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146 Mr. S. J .  Allan on the 
TABLE I I .  
No, of layers 
of Aluminium. 
0 ............... 
l ............... 
3 ............... 
4 ............... 
7 ............... 
10 .............. 
15 ............. 
20 ............... 
25 .............. 
Percentage of unabsorbed rays. 
Leather. Cotton ashes. 
100 
66 
44 
31 
19 
12 
4 
1-5 
1"3 
1-04 
"8 
100 
66 
45 
33 
22 
14 
5'8 
1"8 
1'5 
1"83 
1"01 
:Felt. 
100 
66 
54 
38 
30 
02 
15 
11 
8 
absorbing material, will be given by the equation 
I = [0e -x~. 
I o is the intensity at the surface before any absorbing layer 
is ]aid on, X being the coefficient of absorption of the material 
considered. I f  the absorption is proportional to the density, 
k 
then the ra t io~ should be a constant. 
A number of substances were tried to test this point. I t  
was difficult to get the solids in sufficiently thin layers to give 
enough ionization to work with. The • rays produced too 
little ionization for accurate measurement. The experiments 
were performed in the same way as already described, the 
solids tested being mica, celluloid, paper, aluminium, brass, 
tinfoil, silver, and Dutch-metal. The value of X *or each 
substance could be easily calculated from the curves of  ab- 
sorption. The results are shown in the following table. 
TABLE I I I .  
k 
Substance. )~, Density. ~ .  
~iea  . . . . . . . . . . . . . . . . . . . . .  
Celluloid ............... 
Paper .................. 
hluminium ........... 
Brass ..................... 
Tinfoil .................. 
Silver .................. 
Dutch-metal ......... 
1080 
490 
280 
1050 
1195 
1500 
7100 
3000 
2-78 
1"2 
0"7 
2.6 
8.6 
7.3 
10-5 
9"0 
390 
409 
400 
403 
1~0 
205 
680 
330 
From an examination of these results it will be seen that 
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Radioactivity of the Atmosphere. 147 
for the light substances and for almninimn the absorption is 
nearly proportional to density, but for the heavier metals 
there is a wide divergence. 
These results arc similar in character to those of Rutherford 
and Miss Brooks*, who examined the 13 radiation from 
X 
uranimn, and fmmd that the ratio - -  was the same ibr 
density 
such materials as lniea, ebonite, glass, and aluminimn, but 
differed greatly for the substances of high density. 
Abso~Ttio~l in Ga,es. 
A series of experiments were also made on the absorption 
of the excited activity by air, coal-gas, carbonic-acid gas, and 
hydrogen. For this purpose a special apparatus was con- 
structed, the general arrangement of which is shown in fig. 8 
(P1. XIV.), and is shnilar in principle to that used by Ruther- 
ford in his experiments on uranium radiation t.  It consists 
of a cylindrical brass vessel, closed at the top by an air-tight 
cover, and at the bottom by a mercury trap. It is divided 
on the inside into two chambers by means of a horizontal 
partition, which has a circular hole cut in it, covered with a 
sheet of almninimn "00036 cm. thick. The partition was 
insulated from the sides of the cylinder, and connected to 
one pole of the battery, the other pole being earthed. Im- 
mediately below the partition was a circular table, which 
could be moved up and down by means of a screw passing 
through the bottom of the cylinder. At the top of the upper 
cbamber was suspended an insulated isk~ connected to the 
electrometer. 
The radioactive leather was placed on top of the table 
immediately underneath the aluminium foil. The radiation 
given off by this leather penetrated through a certain layer of 
air or any gas with which the cylinder might be filled, and 
thence through the aluminimn foil into the upper chamber, 
where it could ionize the gas and produce a movement of the 
needle of the electrometer. The brass cylinder was earthed 
and acted as a guard-ring, preventing any leak along the 
sides. The radiation in passing through the layer of gas 
bet~ore reaching the upper chamber~ would be absorbed to 
an extent depending on the thickness of layer traversed. 
This thickness could be regulated by means of the screw. 
The volume of gas in the upper chamber remaining constant 
the ionization produced there would always be a measure of 
the strength of the radiation unabsorbed after passing through 
* Phil. Mug. July 1902. t _Phil. Mug. Jan. 1899. 
L2  
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148 Mr. S. J. Allan on the 
a given thickness of gas. A fixed distance, about 6 mms.~ 
between the leather and the aluminium, was always taken as 
a basis from which to calculate the percentage of unabsorbed 
rays. 
I f  the radius of' the active surface is large compared with 
its distance from the aluminium foil, it can be readily shown 
from the ionization theory that the following equation holds : 
I = Ioe -~x. 
I0 is the intensity of the radiation after passing through a 
distance ~ of the gas, and X the coefficient of absorption of 
the gas considered. 'The percentage of the radiation unab- 
sorbed is calculated in the same way as for solids. The 
results of the experiments are shown plotted in fig. 9 
(P1. XIV.), the ordinates giving the percentage of rays 
unabsorbed after passing through a certain distance, and the 
abscissae the turns of the screw-head, each turn corresponding 
to 1"27 ram. These results are compared with those of 
aluminium in the tbllowing table. 
TABLE IV .  
Substance. 
Aluminium ............ 
Air ........................ 
Carbonic Acid Gas ... 
Coal ~as ............... 
:Hydrogen ............... 
Radiation 
reduced to hall" 
its value in h. 
9 00076 era. 1050 54 
1"28 ,, 
"76 ,, "91 
"41 1"71 ,, "19 
35( ;  ,, i 
Density. ~ .  
9 0012 450 
" (~8 500 
840 
"000083 2300 
It will be seen that the absorption by gases follows the 
order of their densities, and is ahnost proportional to density 
for air and carbonic-acid gas. 
Inc,'eased Conductivity of Ai~ ~ mixed with ~Water Spray. 
J. J. Thomson ~ describes ome experiments in which the 
conductivity of air was increased by passing it through a 
water-pump into a large vessel, where it was tested. He also 
found that when h brass rod was suspended in this vessel and 
kept charged for a number of hours to a high negative 
potential, it had acquired a certain amount of excited 
activity t- 
* Phil. Mag. Sept. 1902. 
t 2%te.--Tfie effects observed by J. J .  Thomson have since been shown 
by him to be due to a radioactive manation present in the tap-water o f  
Cambridge. 
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Radioactivity of the Atmosphere. 149 
In view of the importance of these results, experiments 
were undertaken to see if the Montreal tap-water derived 
from the River St. Lawrence showed similar properties. 
For this purpose a large cylindrical zinc tank, diameter 
102 cms. and height 150 cms., was used. In the centre of 
this was suspended a brass cylinder 5 cms. in diameter, which 
passed through an ebonite plate at the top of the tank, and 
was connected to the electrometer. The outer cylinder was 
connected toa battery of 300 volts. Between the two cylinders 
was arranged a guard-ring connected to earth. A rubber 
tube passed from the bottom of the tank to an ordinary water 
pmnp, from which a return tube entered the top of the tank. 
The natural leak of the tank filled with ordinary air was 
first observed, and found to vary from 4 to 5 divs. per sec. 
The water pump was then started, and the moist air circu- 
lated through the tank, while readings of the conductivity 
were taken every minute. The conductivity of the 'fir in the 
tank immediately began to increase, and reached amaximum 
in about five minutes, reaching in one test 25 divs. per see., 
or nearly six ~imes the natural leak. When the water pump 
was stopped this increased conductivity at once began to 
,decrease, and reached the natural eak in about six to eight 
minutes. The maximum varied from time to time, but was 
always from four to six times the natural leak. This modified 
air, when passed through pmnice-stone saturated with sul- 
phuric acid before reaching the tank, only gave 8 divs. per 
sec. as the inaximum, but as soon as the pumice-stone was 
removed gave 20 divs. per sec. It was found that the quicker 
.the air was drawn through the tank the greater was the con- 
ductivity produced. Passing the air through a cotton-wool 
plug destroyed a large portion of the conductivity. It was 
also found that when the moist air was passed through a 
spiral tube immersed in liquid air, or a tube heated to redness, 
the increase of conductivity previously observed was com- 
pletely absent. The experiment was tried of allowing a 
quantity of liquid air to evaporate inside the tank, but no 
increase of conductivity could be observed. 
A brass rod was suspended in the tank, and kept charged 
to a high negative potential for several hours, whilst the air 
charged with water-spray was circulating through. It was 
then removed and tested in another vessel, but no signs of 
any excited activity could be detected. 
i think we may conclude from these experiments hat 
the increased conductivity is not caused by an emanation 
in the water-spray, since it will not stand the tests to 
which an emanation may be subjected. Neither is there any 
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150 On tl, e Radioactivity of the Atmosphere. 
appreciable excited activity produced on a rod suspended in it. 
It takes a far greater volume of air than ~he tank held tc~ 
produce any measurable amount of excited activity from the 
air, unless some radioactive substance, such as thorium or 
radimn, is present. There is certainly an increase of con- 
ductivity produced, which dies away quickly, and which is 
undoubtedly caused by the mixture of the water-spray with 
the air. The water from the tap, when evaporated down to. 
dryness and tested, g'tve no signs of any radioactivity. 
Conclusion. 
From these results we may conclude that the excited 
activity" from the atmosphere behaves in many respects like 
the radioactivity from thorium and radium. It contains, as 
they do, an easily-absorbed a radiation, and a more penetrating 
B radiation. The a radiation is probably responsible for the 
greater part of the total energy radiated, and it is completely 
absorbed in about "004 cln. of alnminium and 10 cms. of air. 
The /~ rays are cut down to half value in "007 cm. of 
almninium, and completely absorbed by "06 cm. The fl rays 
probably consist of negatively-charged particles, similar to 
cathode-rays, and projected with great velocity'. The ioniza- 
tion produced by them is too small to test whether they are 
deviable in a magnetic field. 
The difference in the rates of decay of the excited activity 
obtained under different conditions eems to point to the fact 
that the radioactivity of the atmospher  is of a very complex 
nature. 
The radioaetivtty of snow ~nd rain must be derived from 
some radioactive matter in the air which adheres to the surface 
of the snow-flake or rain-drop, and is brought down with it 
in its descent. A possible explanation of the difference 
observed in the rate of decay o[ the radioactivity from snow 
and rain, and that of the excited activity on a wire, may be 
based on the view that the radioactive matter in the air is of 
different kinds, having different rates of decay. Snow and 
rain ,nay owe their activity to one ldnd while the negatively- 
charged wire removes all the active carriers to its surface. 
The rate of decay of the charged wire might thus be the 
resultant of several different rates. 
In conclusion, I wish to thank Prof. Rutherford for his 
kindly interest in ihe work. 
McDonald Physics Building, 
McGill University, 
Aug. 1903. 
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